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Preface
The Swedish Environmental Protection Agency (SEPA) continuously evalu-
ates its research according to the following criteria: 1) Process 2) Relevance 
in relation to 16 National Environmental Objectives and 3) Scientific quality. 
Bibliometric methods concerning publication and citation performance were 
applied for the last criteria and are presented in this report. Seven research 
programs with a start in 2001/2002 and finalized in 2006/2007 were inves-
tigated. The research programs reach over areas such as air pollution, nature 
conservation, marine biodiversity, reproduction in non-toxic environment, 
effectiveness and communication of policies.

Associate professor Ulf Sandström – Royal Institute of Technology – was 
commissioned by the SEPA to undertake the bibliometric analysis. He alone is 
responsible for all evaluations in the report. Dr Catarina Johansson has been 
the responsible senior research officer at the Research Secretariat at SEPA.

The Swedish Environmental Protection Agency in December, 2009
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Sammanfattning
Naturvårdsverket inledde 2001–2002 en satsning på större forskningsprogram, 
vilka finansierades över en femårsperiod. I denna rapport utvärderas sju av 
dessa program med bibliometriska metoder. 

Publiceringar i vetenskapliga tidskrifter utgör navet för utvärderingen 
och de specifika metoder som tillämpas bygger på idén att normalisera antalet 
artiklar och antalet erhållna citeringar till jämförbara kolleger och områden. 

Sammanlagt ingår artiklar från 118 forskare som varit verksamma inom de 
sju forskningsprogrammen. Analysen har i första hand inriktats på de artiklar 
som, efter validering av forskarna själva, befunnits vara resultatet av program-
relaterade aktiviteter. Vad gäller produktivitet uppvisar programmen en normal 
nivå, dvs. Naturvårdsverket har fått verksamhet i paritet med insatta resurser. 

Utväxlingen i form av citeringar på dessa artiklar är mycket god, dvs. de 
ligger väl över de referensvärden som gäller för programområdena. Programmen 
ser ut att signifikant påverka, och vara användbar för, annan forskning. Detta 
förklaras av att programmen publicerar i relativt högciterade tidskrifter. 
Framgången belyses också av det faktum att programmens artiklar i mycket 
hög grad tillhör gruppen ”5 procent mest citerade” i sina respektive ämnes-
områden. 

Med ett internationellt perspektiv kan konstateras att citeringsgraden för 
ett program motsvarar ett betyg i nivå med Outstanding. Tre program uppnår 
nivån Excellent, dvs. i högst grad internationellt konkurrenskraftiga. Ett 
program uppnår nivån Very Good. Ytterligare ett program har en citerings-
grad som motsvarar betyget Good. Ett sista program, med låg aktivitetsgrad, 
uppnår inte tillfredsställande nivåer, dvs. Insufficient.

I anslutning till denna betygssättning bör framhållas att de metoder för 
bibliometrisk utvärdering som tillämpas i denna rapport bör kompletteras 
med andra metoder för att fånga upp verksamhet inom samhällsvetenskap-
liga och humanistiska discipliner. Metoderna för en sådan komplettering 
finns angivna i en separat rapport som utvärderar COPE-programmet.

Avslutningsvis bör betonas att i denna rapport tillämpas nya metoder för 
att belysa forskargruppernas verksamhet. Metoden kallas Research Lines och 
ger viktig information om forskningens framgång över tid i relation till när-
maste jämförbara kolleger. Tillvägagångssättet illustreras i de bilagor som hör 
till rapporten.
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Summary
This report concerns the publication and citation performance of researchers 
within seven research programs financed by the Swedish Environmental 
Protection Agency (SEPA). Papers published by 118 researchers are compared 
with papers published by their international colleagues during the same time 
period, i.e. 2002–2007. 

Results indicate that the citation impact is significantly above international 
reference levels: SEPA programs receive 31% higher citation scores in their 
journals; this translates to a field-normalized impact of 66% above world 
average. This can be explained by the fact that researchers financed by the 
SEPA publish in journals with high impact-levels – 34% above the global 
reference value (see Table 3, page 9). Papers from SEPA financed programs 
occur about 140% more often than expected among the top 5% most fre-
quently cited papers in their subfields. This finding shows there is an extensive 
core of highly cited papers. The overall quality of the publications funded by 
the programs is impressive.

Seen from an international perspective the citation impact of the Swedish 
National Air Pollution and Health Effects Program (SNAP) is considered as 
Outstanding. Three programs are considered as Excellent and internation-
ally competitive – Aquatic Aliens, Communication, Organisation, Policy 
Instruments, Efficiency (COPE) and Naturvårdskedjan. One program, Marine 
Biodiversity, Patterns and Processes (MARBIPP), is graded as Very Good.
Reproduction and Chemical Safety (REPROSAFE) has an impact considered 
as Good, that is, at international average. Achieving Greater Environmental 
Efficiency (AGREE), with few papers, has an impact considered as Insufficient.

The above estimated performance figures are based on all program-related 
papers by researchers from the SEPA-programs. Such a precise delineation of 
results related to the SEPA-initiative has to rely on researchers self-reporting. 
About 200 articles out of 1000 authored by the researchers were validated as 
produced based on the SEPA funding of programs. 

It should be noted that the bibliometric methods applied in this report 
might not be suitable for all programs due to their different publication prac-
tices. To meet the methodological challenges posed by social science publication 
strategies there is a separate report where the COPE-program is evaluated with 
an expanded mix of bibliometric methods.

The SEPA programs have a productivity performance per researcher which 
is at the expected level for a normal Nordic researcher in these areas of research. 
As the impact of the programs is fairly high measured as field normalized cita-
tions the conclusion is that SEPA has funded high impact research yielding evi-
dence of productivity and international competiveness.
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The bibliometric study
The objective of the study is a bibliometric analysis based on citations to 
publications from the following SEPA research programs: AGREE, COPE 
MARBIPP, Naturvårdskedjan, ReproSafe and SNAP. In the analysis we have 
also included one research program – Aqualiens – which was started in 2002, 
a year later than the mentioned programs. Furthermore, it should be noted 
that the COPE program was evaluated in 2006, though, with partly different 
methods.

Table 1. Program, durability and funding

Program Abbr Start Yr End Yr MSEK

Achieving Greater Environmental Efficiency AGREE 2001 2005 12

Communication, Organisation, Policy Instruments, 
Efficiency

COPE 2001 2005 18

Research to Forge the Conservation Chain NVkedjan 2001 2006 30

Marine Biodiversity, Patterns and Processes MARBIPP 2001 2006 20

Reproduction and Chemical Safety Reposafe 2001 2006 35

Swedish National Air Pollution and Health Effects 
Programme

SNAP 2001 2006 34

Aquatic Aliens Aqualiens 2002 2007 20

Source: Naturvårdsverket – Swedish Environmental Protection Agency

Overview – questions for the evaluation
The remit of this evaluation is to undertake a bibliometric investigation of the 
above mentioned programs funded by SEPA. In the following is presented a 
detailed bibliometric analysis based on publication data from 2002–2007. The 
main question to be answered through the analysis concerns the performance 
of groups in two dimensions: 1) citation performance (quality of research); 
and 2) productivity of research. An innovative approach to the performance 
question is given in this report. By relating the performance of each group to 
their peers, i.e. groups using approximately the same references in articles, we 
use the actual research communities as a benchmark for activities.

Output and Impact of research
The evaluation is based mainly on a quantitative analysis of scientific articles 
in international journals and serials processed for the Web of Science versions 
of the Citation Indices (SCI, SSCI and A&HCI). Accordingly, this study is not 
a bibliographic exercise trying to cover all publications from SEPA research-
ers. The motivation for using Web of Science is that the database represents 
roughly 90 per cent of the most prestigious journals and serials in all fields 
of science. The database was set up in the early 1960’s by an independent 
research oriented company in order to meet the needs of modern science in 
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library and information services. Evidently, the database is also a valuable 
asset for evaluative bibliometrics as it indexes the references in articles and 
connects references to articles (citations).

The key consideration that has guided the project evaluation approach is 
a requirement to make use of multiple indicators in order to better describe 
the complex patterns of publications of university based research programs. 
The study makes use of several methods, each deepening the understanding 
generated by the publication output from a different angel of incidence. No 
single indices should be considered in isolation.

Publications and citations form the basis of indicators used. Citations are a 
direct measure of impact; however, they measure the quality of an article only 
indirectly and imperfectly. Whilst we can undoubtedly measure the impact of 
a research unit by looking at the number of times its publications have been 
cited; there are limitations. Citation-based methods enable us to identify excel-
lence in research; these methods cannot, with certainty, identify the absence of 
excellence (or quality).

Data Validation
The SEPA administration made available a list of program leaders and sub-
program leaders of the seven programs. This entire list covered 67 researchers. 
A first bibliometric analysis was made based on these researchers. In order to 
validate the results the bibliometric analysis was sent to the respective program 
leaders for further distribution to sub-program leaders. In response to this 
first analysis program leaders pointed out that there was a lack of precision 
due to the focus on program leader’s total activities. The analysis covered too 
much of scientific activities by the program and sub-program leaders some 
of which was not funded by SEPA. It was shown that several other financing 
arrangements were set in motion together with the SEPA program funding. 
Accordingly, it was decided that the evaluation should aim for a more delim-
ited approach. 

Next step then included an analysis based on an up-dated list of publica-
tions from the respective programs. This second exercise also covered the doc-
toral students and other research personnel involved in the projects financed 
by the programs. In all, the list of researchers now consisted of 118 researchers 
from the seven research programs (further information is given on page 38 in 
Appendix 3 “Data and Material”).

Limiting the exercise to publications related to SEPA funded research only 
is, of course, a question of highest sensitivity. Each program delivered a list of 
publications in connection to the final report sent in to SEPA in 2007. This list 
was up-dated and reconsidered in May 2009 after a contact with each program 
leader. Contacts were mediated by the program officer in charge at SEPA.

We are convinced that the amount of information that has been funnelled 
to the evaluation, including the validation of data from the respective programs, 
provides a solid foundation for a thorough bibliometric illumination of the 
research performed under the grants from SEPA.
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Observations concerning data and material
Firstly, program and sub-program leaders showed ethical behaviour when 
accounting for the use of grants from SEPA. Not more than 20 per cent of 
total outputs are accounted as related to SEPA programs. There are, of course, 
variations. One program, started in 2002, reported published output already 
2001 and several published papers in 2002. It is highly improbable that papers 
from the program were published already in 2001, but it might be that pro-
gram related activities were started before the formal initiation of the program. 
It seems worth to consider this as output from work done during the application 
process or while working out the research program. 

Secondly, on average each sub-program leader has been able to recruit 
one PhD-student based on the SEPA funding. This is probably the main effect 
of the respective programs. If we compare the number of publications from 
all sub-program leaders with the number of full papers from all program 
researchers (including doctoral students etc.) the increase is not more than 
10 per cent. This indicates that sub-program leaders are co-authors on most 
papers (for further analysis, see Appendix 3).

Research Performance – Assessment Criteria
The covered period is 2002–2007 for publications. The study is based on 
a quantitative analysis of scientific articles published in journals and serials 
processed for the Web of Science (WoS) versions of the Science Citation Index 
and associated citation indices: the Science Citation Index (SCI), the Social 
Science Citation Index (SSCI), and the Arts & Humanities Citation Index 
(A&HCI). Using advanced bibliometric techniques, the present study assesses 
the publication output and citation impact of research performed within the 
above mentioned SEPA funded programs. Non-serial literature has not been 
included in the present study.

Impact, as measured by citations, is compared with worldwide reference 
values. Citations to articles until December 31, 2008 are used for the analy-
sis. The investigations reported here use a decreasing time-window from the 
year of publication until December 31, 2008. However, some of the indicators 
are used for time-series and in these cases we apply a fixed two year citation 
window. Publications from year 2002 receive citations until 2004; publica-
tions from 2004 receive citations until 2006 and so on. 

Productivity of research is measured using a model for Field Adjusted 
Production (see Appendix 1) developed for the Swedish Ministry of Education 
(SOU 2007:81). In that model paper production is compared to reference 
values based on Nordic “normal researchers” production (for a mathematical 
expression see Appendix 1). 

Indicators used in the report are listed in Table 2.
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Table 2. Indicators used in the report

1 P Number of papers Number of papers (articles, letters 
and reviews) during 2000–2007.

2 Frac P Number of fractionalized papers Sum of author fractionalized papers
(articles, letters and reviews)
published during 2000–2007.

3 CPP Citations per paper Number of citations per paper
(31 December 2008). 

4 NCSj Journal normalized citation score CPP normalized in relation to the 
unit journal set (average=1.00).

5 NJCS Normalized journal citation score The impact of the journal set
normalized in relation to its
sub-fields (average=1.00).

6 NCSf Field normalized citation score CPP normalized in relation to the
sub-field set (average=1.00).

8 SCSf Standard field citation score Z-score standardized citation score 
in relation to the UoA sub-field set
(N.B! average=0.00).

9 TOP5% Top 5% Percentage of papers above 
the 95th citation percentile.

10 SCit Percentage self-citations Percentage self-citations.

11 PNC Percentage not cited papers Percentage of not cited papers 
during the period.

12 VITALITY Vitality Mean reference age normalized
in relation to the sub-field set
(average=1.00, higher=younger).

13 H-index Hirsch index The h number papers that have
at least h citations each.

15 AUm Author mean Mean number of authors per paper.

16 IntCOLLm International collaboration mean Mean number of countries per paper.

A further explanation of citation indicators and the bibliometric approach 
is given in Appendix 1 “Theories and Methods in Evaluative Bibliometrics” 
(page 19).

Program output analysis
The focus here is put on program-related publications reported by each team. 
Research reported in the publications also pertains to the scientific topics funded 
by SEPA. Having that information – based on self-reports – it is possible to 
measure the citation performances for the activities that have been spurred 
by the SEPA program initiative. Five years of funding is quite unusual in the 
Swedish research system and probably even more unique in the context of 
environmental research. But, there are exceptions to that rule as the strategic 
foundation MISTRA since 1995 has initiated a number of long-term managed 
programs with funding up to ten years. The findings reported in Table 3 
support the following conclusions: 

The so called Crown Indicator (NCSf – Field normalized citation 
score) is 66% above the worldwide reference value (1.00). 
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NCJS indicator, which is 1.31. Significantly higher than world average 
(1.00). 

(NCSj); papers have received 34% more citations than comparable 
papers. 

among the TOP5% most cited. This equals to a performance 140% 
higher than expected. The evaluated programs have contributed well 
above average to the number of highly cited (top 5%) papers.

high recency of references, i.e. in general the program groups perform 
research close to the research front.

Table 3. Results by Indicator 2002–2007 (all programs)

Name of Indicator Indicator Result

Number of papers Full P 172

Number of fractionalized papers Frac P 78.70

Journal normalized citation score NCSj 1.34

Normalized journal citation score NJCS 1.31

Field normalized citation score NCSf 1.66

Standard field citation score SCSf 0.57

Top 5% TOP5% 12%

Vitality VITALITY 1.18

Source: Web of Science Online.
Note: Global averages are 1.00 (SCSf average is 0.00).

From this we can draw a first, overall, conclusion: the concentrated and more 
long-term funding for the SEPA initiative under consideration has (probably) 
given scientists a good ground for better performances and visible papers. 
Probably there is more time for research within projects funded for five years 
than other environmental projects with one or two years of financing. Given 
that the SEPA initiative has resulted in more long term we find that it seems 
to pay off in terms of publication performance.

Also, there are indications that on average program related papers are 
a half a page longer than other papers published by the researchers under 
scrutiny (data not shown). This small, but still important, difference can be 
interpreted as a sign of additional bits of information in the program papers 
compared to other papers from the researchers.1 Longer papers make room 
for another Table or another Figure or, maybe, more room for a discussion 

1 Seglen, P.O. (1991). Die Evaluierung von Wissenschaftlern anhand des ”journal impact”. In Indikatoren der Wis-
senschaft und Technik (Weingart, P., Sehringer, R. & Winterhager, M., eds.), Campus Verlag, Frankfurt/ New York, p. 
72-90.
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of the connection between data and hypothesis. In the literature more bits 
of information is regarded as one important factor explaining the number of 
received citations.2

Results per program (see Table 4 below)
Aqualiens has, although there are few papers, consistently a high performance 
in the citation indicators NCSj, NJCS, NCSf and SCSf. Almost 1/5 of papers 
qualify as contributions to the 5 per cent most cited (TOP5%) of all papers 
within the relevant journal categories. Results are considered Excellent.3

MARBIPP has more papers, but a higher variation in the citation impact. The 
citation performance indicators (NJCS, NCSf and SCSf) show a fairly good 
result, but without consistency over time. Results are considered Very Good.

Naturvårdskedjan has a high number of full papers and in general high cita-
tion impact. (NCSf and SCSf). The high vitality figures, well above the field 
average at 1.00, indicates a position close to the research front. Results in the 
Field Normalized Citation Score are considered as Excellent.

Reprosafe has a high number of full papers, which is expected from a
chemistry-related project. The citation performance (NCSf and SCSf) is in 
this case lower and the vitality of research just about average. Results are 
considered as Good.

SNAP has a high number of full papers and a very good record for the citation 
impact (NCSf and SCSf). 20 per cent of papers are among the top five most 
cited. Also, the vitality of research is very high indicating a world leading posi-
tion. Results are considered as Outstanding.

COPE has a good publication record taking into account it is a program in 
social science. Citation impact is quite high (NCSf and SCSf), but with few 
papers there is a variation over time. Vitality is good. Results are considered 
as Excellent.

AGREE has few full papers with a low citation impact (NCSf and SCSf). 
Vitality is below international average. Results are considered as Insufficient.

2  Ibidem. 
3

page 28-29.
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Productivity and efficiency
In all, the different research programs have received 179 MSEK (=approxi-
mately 18 MEUROS) over the program period (2001/2002–2006/2007). 
An important question is whether it is possible to put an answer to the ques-
tion of productivity and efficiency of research in relation to funding? Our 
approach for solving this problem is based on field factors for a normal 
Nordic scientist during a specific period of time. This reference value tell us 
how many papers an average researcher produce (depending on areas) over 
the specified time period.

The 10,000 ISI journals were clustered according to intercitations between 
journals (least frequency). This resulted in 34 macro fields (for further expla-
nation and description of this indicator see Appendix 1; see also Sandström & 
Sandström 2008). 

For each macro class a reference value was calculated. While the reference 
value for social science is low (0.43 papers per researcher) values are signifi-
cantly higher for areas like chemistry (2.22 papers per researcher) and medi-
cine (1.59 papers per researcher). 

The system for calculation is based on mathematical statistics applied on 
publication frequency distributions; number of papers per author. It is used 
by, and was developed for, the Swedish governments’ current distribution 
of general university funds.4 Since 2009 this model is applied as an incentive 
for international publishing and citation impact. 

This model produces an indicator which is called the Field Adjusted 
Production (FAP). The actual number of papers from a unit is translated 
to FAP:s by using the reference values.

One feature of the model is that the volume of papers is made compara-
ble between areas of research. Accordingly, made possible is also to use this 
indicator together with the field normalized citation score. Without the field 
adjustment that would not have recomnendable action. The product of Field 
Adjusted Production and Field Normalized Citation Score (NCSf) is usually 
called the Bibliometric Index.5

Bibliometric Index: FAP * NCSf

We will use this model and the reference values for evaluation of the pro-
duction from the seven SEPA programs. This will give us the basis for two 
important indicators: The first one being the productivity expressed as Field 
Adjusted Publications values in relation to Full Time Equivalents for research, 
and the second one efficiency expressed as Field Adjusted Publications (FAP) 
multiplied to impact (NCSf) in relation to funding from SEPA.

4  Sandström, U & Sandström, E (2009). The Field Factor: towards a metric for Academic Institutions. Research Eva-

5  Sandström, & Sandström (2008). Resurser för citeringar. Högskoleverkets Rapportserie 2008:18R. 
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On the whole SEPA programs have levels of productivity in line with what is 
expected from researchers in the actual areas. Table 5 (below) shows that the 
number of field adjusted publication points translates to 176 normal Nordic 
researchers (column E). The figure represents the number of personnel it takes 
to publish the amount of papers that was produced by the initiative. Next step 
is to find the productivity of the units. This can be achieved if we compare the 
amount of funding received from SEPA, which is 179 MEK, with the number 
of personnel that has been funded from the program. This gives us an indication 
of the “productivity of the program”. On the whole the figure is very close to 
1.0, i.e. a normal “Nordic” productivity.6

There are minor variations between programs. It should be noted that the 
method produces an estimate of the productivity so that smaller variations can 
not be taken as real differences. Probably only the first decimal of the ratios in 
column F is reliable, but that is with higher number of papers. In this evalua-
tion there are several units with too low production of papers.

Acknowledging these reservations the result implicates that SEPA has 
received the production of one normal Nordic researcher per million SEK 
(see column F Total). A calculation the costs for one normal Swedish researcher 
would probably result in approximately 1 MSEK (salary 35.000 SEK/month, 
plus social costs 58% and overhead 35%, plus additional costs for laboratory, 
conferences and travelling).

Table 5. Productivity and Efficiency in Seven SEPA Programs

A B C D E F G H

Program Start
Yr

End Yr MSEK Papers
-2008

FAP ”PRODUC-
TIVITY”
E/C

NCSf
-2007

”EFFICIENCY”
F*G

AGREE 2001 2005 12 12 5.91 0.49 0.65 0.32

COPE 2001 2005 18 13 16.57 0.92 1.57 1.45

Aqualiens* 2002 2007 30 19 27.12 0.90 1.81 1.64

MARBIPP 2001 2006 20 25 20.92 1.05 1.37 1.43

NVkedjan 2001 2006 30 41 29.82 0.99 1.95 1.94

Reprosafe 2001 2006 35 40 37.64 1.08 1.07 1.15

SNAP 2001 2006 34 42 37.92 1.12 2.20 2.45

Total 179 192 175.91 0.98 1.66 1.61

NOTE: * Publications estimated one additional year (2009).

Except for the AGREE program, which has a lower figure, all other programs 
are close to or slightly above the expected productivity (one FAP per MSEK). 
When we use the indicator productivity multiplied to field normalized citation 
score we receive an indication of the total impact of the program. The figure 

6  It has to be underlined that what we call “normal” here includes all types of  activities that is done by a normal Nor-
dic researchers, i.e. research, administration, education etc.
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for total impact is 1.60. Well above the normal Swedish universities perform-
ance which is in the realm of 1.15–1.25.7

Conclusion number two is that the SEPA programs have a considerably 
higher impact than expected. It is here taken for granted that a program with 
a higher number of field adjusted papers will have a higher impact on their 
colleagues and on society than a program with fewer field adjusted papers. 

Another lasting result of the initiative is that one of the SEPA programs, 
the MARBIPP group, was awarded a Linneaus Grant from the Swedish 
Research Council in 2008. This grant is very large and long term – 10 MSEK 
per year for a 10 year period. Consequently, Linneaus grants are considered 
as recognition of outstanding success. 

Research lines analysis (see Enclosures)
Enclosed to this evaluation are six shorter reports; one per program. These 
Enclosures consist of the Research Lines method which is described in the 
Appendix 1. Each program has been described with Tables, Figures and 
visualizations. They are found at end of the report as Enclosures. 

There are four pages in each of the appendices. The first page shows a 
number of standard indicators and two Figures at the bottom: first, number 
of papers per year in a diagram, second, field normalized citations score with 
at 2-year citation window in another diagram. Number of papers is a first 
general and simple indicator or activity, the development over time is interest-
ing. Also, it is important to consider the crown indicator, i.e. the field normal-
ized citation score and its changes per year. Is the unit consistently performing 
very well or are there ups and downs?

The second page reports another five indicators of importance, e.g. h-index. 
At the bottom of page there is a Figure showing the distribution over citation 
classes, to the left are shown in bars the relative number of un-cited papers 
and to the right highly cited papers. The line represents the distribution for all 
Swedish papers and is shown in order to have a comparative “benchmark”.

Page three is the publication profile, i.e. this shows how papers published 
by the group relates to each other. Connections between papers indicates 
coherence of the research and if not the other way around. At the bottom 
is shown Tables of most frequent journals, collaborators and sub-fields.

Lastly, page four shows the research lines, i.e. the research community of 
highly related papers and their indicators. N.B.! There has to be at least two 
papers from the program for the research line to be shown. The grey area is 
proportional to the number of papers over years and the (red) line is propor-
tional to citation. Showed at the line is the number of total papers within the 
community and their citation NCSf-performance, as well as level of Vitality. 

7  See Sandström & Sandström (2008). Resurser för citeringar. Högskoleverket Rapport 2008:18R.
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Under the line is displayed the number of papers from the program members 
and the NCSf-score on their papers, and likewise for the Vitality measure. 
To the left are the most frequent keywords and to the right most frequent 
authors. 

From the evaluation point of view the third conclusion is that the publi-
cation profiles of the six analyzed programs are coherent, i.e. a high number 
of publications are inter-related and there are very few, almost none, isolated 
islands in the respective publication profiles. This corroborates, or put in other 
language, verifies, that the self-reporting of program-related publications has 
worked satisfactorily.

Research Lines makes it possible to evaluate whether the funded research is 
related to a topic of interest or not. A research line which is receiving more cita-
tions than it sends away will have a general high score in the NCSf indicator. 

The SNAP program can be taken as an example of a program that exhibits 
activity in strong lines of research. At the same time the program itself have 
very strong performances in those lines. 

The same applies for MARBIPP and their second line of research which is 
large and has a high level of relative citations. Likewise, the program-related 
papers receive high citation scores and the impact of the program is inter-
nationally competitive.

NV-kedjan performs at high levels within their largest research lines, i.e. 
they write papers that receives higher levels of citation than their respective 
lines. But, the lines are slightly less cited in an overall sense. Their activities 
are coherent and performances are consistently on a high level.

The Reprosafe program has a good publication record which is more or 
less expected from a program in the field of environmental chemistry research. 
There seem to be more diversity in the performance over Research Lines; 
some are internationally competitive while several others are at the normal 
international level. 

COPE and Aqualiens does not really produce Research Lines to an extent 
that it is possible to make use the methodology, but for different reasons. It 
should be noted that if there are less than two publications from the program 
there will be no research line. There are too few publications which, on the 
one hand, for COPE, can be explained by the typical social science use of 
national forums for publication. Aqualiens, on the other hand, will prob-
ably have a take off in publications during 2008. Therefore, an analysis for 
Aqualiens should be performed during 2010.

AGREE has not been evaluated using the Research Lines methodology as 
there are too few papers scattered over too few Research Lines. There must be 
at least two papers per line to appear in the analysis.
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Conclusions
We conclude this evaluation with the following summarizing statements. 

Firstly, the SEPA research program was a substantial initiative and has cre-
ated a soil ground for environmental research. Publications are themselves the 
primary mechanism through which knowledge is transmitted within the scien-
tific community. The existence of a high number of articles based on SEPA pro-
grams is therefore direct evidence that the results of these programs are being 
disseminated widely. The overall high levels of relative citations confirm this 
view. 

Secondly, there are indications that research published during the later 
part of the program period has higher impact than earlier years. As expected 
we find that programs produce their best and most highly cited papers when 
the program has lasted for a couple of years or even more. One implication 
from this would be that the funding agencies ought to have patience to wait 
for results. 

Thirdly, the round of SEPA programs initiated 2001–2003 represents 
impressive examples of successful research. The measure used for this conclu-
sion is the crown indicator or field normalized citations (NCSf and SCSf). Five 
out of seven programs have produced Very Good, Excellent and Outstanding
performances.

Fourthly, in relation to funding, the productivity from six out of seven 
programs is in the realm of expected performance per Million SEK. Measured 
as “efficiency”, i.e. productivity times “quality of publications” (NCSf) results 
are well above Swedish levels. In that respect, SEPA programs have made a 
substantial contribution. Furthermore, we can conclude that SEPA programs 
have strengthened the impact of Swedish environmental research, in this sense 
yielding evidence of scientific productivity and therefore a plausible argument 
for increased international competitiveness of environmental research.

The new methodology introduced in the report, Research Lines, offers 
an opportunity to a benchmarking of the impact of the evaluated programs 
to their nearest international colleagues. Using this methodology we find that 
three of the groups under scrutiny have performances within very strong lines 
of research (specialties) that might be considered as interesting for future pro-
gram funding. 
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Appendix 1 – Theories and methods 
in evaluative bibliometrics 

Importance of citations
Bibliometric approaches, whereby the scientific communication process can 
be analyzed, are based on the notion that the essence of scientific research is 
the production of “new knowledge”. Researchers that have theoretical ideas 
or empirical results to communicate publish their contributions in journals 
and books. Scientific and technical literature is the constituent manifestation 
of that knowledge and it can be considered as an obligation for the researcher 
to publish their results, especially if public sector funding is involved. 

Journals are in almost all areas the most important medium for communi-
cation of results. The process of publication of scientific and technical results 
involves referee procedures established by academic and scholarly journals. 
Therefore, international refereed journals implicates that the research pub-
lished has been under quality control and that the author has taken criticism 
from peers within the specialty. These procedures are a tremendous resource 
for the bettering of research, and are set in motion for free or to a very low 
cost. A researcher that choose not to use these resources may seem to be very 
much aside of the international research community. 

The reward system in science is based on recognition, and this emphasizes 
the importance of publications to the science system. Because authors cite 
earlier work in order to substantiate particular points in their own work, the 
citation of a scientific paper is an indication of the importance that the com-
munity attaches to the research.8

Essentially, this is the point of departure of all bibliometric studies; if the 
above assumption holds, then we should concentrate on finding the best meth-
ods for describing and analyzing all publications from research groups under 
consideration.9 When we are searching for such methods our emphasis is on 
one specific layer of research activities. There are several more layers that can 
be studied and evaluated, but our focus is on research, basic and applied, and 
especially on excellence in research. Hence, publications are at the center of 
attention. To the family of publications we could have included patents. They 
indicate a transfer of knowledge to industrial innovation, i.e. into commodi-
ties of commercial and social value. 

A number of misconceptions about bibliometrics are in circulation, partly 
due to the misuse of journal indicators, partly because a perceived lack of 
transparency. Certainly, we will not be able to answer all questions and 
possible remarks to the analysis, but hopefully some of the most common 

8  CWTS (2008).
9  Narin (1996), CWTS (2008).



BIBLIOMETRIC EVALUATION OF RESEARCH PROGRAMS

26

misinterpretations. One important conclusion of our discussion is that the use 
of bibliometric indicators requires far greater watchfulness when applied to a 
research group or an individual than for a general description of science at the 
country or university level. 

Basics of bibliometrics
International scientific influence (impact) is an often used parameter in assess-
ments of research performance. Impact on others research can be considered 
as an important and measurable aspect of scientific quality, but, of course, not 
the only one. Within most of international bibliometric analyses there are a 
series of basic indicators that are widely accepted.

In most bibliometric studies of science and engineering, data is confined to 
the following document types: articles, letters, proceedings papers and reviews 
in refereed research journals or serials. The impact of a paper is often assumed 
to be judged by the reputation of the journal in which it was published. This 
can be misleading because the rate of manuscript rejection is generally low 
even for the most reputable journals. Of course, it is reasonable to assume 
that the average paper in a prestigious journal will, in general, be of a higher 
quality than one in a less reputable journal. 10 However, the quality of a journal 
is not necessarily easy to determine11 and, therefore, only counting the number 
of articles in refereed journals will produce a disputable result (Butler, 2002; 
Butler, 2003). 

The question arises whether a person who has published more papers 
than his or her colleagues has necessarily made a greater contribution to the 
research front in that field. All areas of research have their own institutional 
“rules”, e.g. the rejection rate of manuscripts differs between disciplines; 
while some areas accept 30–40 per cent of submitted manuscripts due to per-
ceived quality and space shortages other areas can accept up to 80–90 per 
cent. Therefore, a differentiation between quantity of production and quality
(impact) of production has to be established. Several bibliometric indicators 
are relevant in a study of “academic impact”: number of citations received by 
the papers, as well as various influence and impact indicators based on field 
normalized citation rates. Accordingly, we will not use the number of papers 
as an indicator of performance, but we have to keep in mind that few papers 
indicate a low general impact, while a high number of cited papers indicate a 
higher total impact.

10  Cole et al. (1988).
11
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Citations and theories of citing
The choice of citations as the central indicator calls for a theory of citing; a 
theory that makes it possible to explain why author x cite article a at time t?
What factors should be considered when we discuss why researchers cite 
back to former literature? The need for a theoretical underpinning of citation 
analysis has been acknowledged for a long time and several theories have been 
put forward.12 In summary, there are three types of theories: 1) Normative 
theories, 2) Constructivist theories, and 3) Pragmatic theories. Normative 
theories are based on a naïve functionalist sociology, and constructivist theo-
ries are based on an opposition against these assumptions. According to the 
pragmatist school, which seems to be a predominantly Nordic school (e.g. 
Seglen, 1998, Luukonen, 1997, Amsterdamska & Leydesdorff, 1989; Aksnes 
2003), utility in research is an important aspect, as well as cognitive quality, 
and together they are criterions for reference selection. Based on Cole (1992) 
the Norwegian Aksnes (2003b) introduces the concepts quality and visibility 
dynamics in order to depict the mechanisms involved. 

Factors like journal space limitations prevent researchers from citing all 
the sources they draw on; it has been estimated that only a third of the litera-
ture base of a scientific paper is rewarded with citations. A citation does not 
implicate that the cited author was necessarily “correct”, but that the research 
was seen as useful from the citing side. Do not forget that negative findings 
can be of considerable value in terms of direction and method. If a paper 
is used by others, it has some importance. In retrospect the idea or method 
may be totally rejected; yet use of the citation is clearly closer to “important 
contribution to knowledge” than just the publication count in itself. The 
citation signifies recognition and typically bestows prestige, symbolizing influ-
ence and continuity.13 There is no doubt citations can be based on irrational 
criteria, e.g. some citations may reflect poor judgment, rhetoric or friend-
ship. Nevertheless, the frequency with which an article is cited would appear 
to establish a better approximation of “quality” than the sheer quantity of 
production.14 Furthermore, citations may indicate an important sociological 
process: continuity of the discipline. From this perspective, either a positive 
or negative citation means that the authors citing and the author cited have 
formed a cognitive relationship.15

Citation practices can be described as results of stochastic processes with 
accidental effects (Nederhof, 1988:207). Many random factors contribute to 
the final outcome (e.g. structural factors such as publication time-lags etc.) 
and the situation can be described in terms of probability distributions: there 

12  For an excellent review of  this topic, see Borgmann & Furner (2002). 
13

14

15  Cf. Small (1978) proposed the view that citations act as “concept symbols” for the ideas that are referenced in 
papers.
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are many potential citers each with a small probability of actually giving a 
reference, but the chance gets higher with each former reference (Dieks & 
Chang, 1976: 250). 

This also creates difficulties when it comes to levels of significance:16 “(…) 
when one paper is cited zero times, another paper, of the same age, has to be 
cited at least by five different authors or groups of authors, for the difference 
to be statistically significant. (…) This implies that when small numbers of 
papers are involved, chance factors may obscure a real difference in impact. 
However, as the number of papers involved in comparisons increase, the rela-
tive contribution of chance factors is reduced, and that of real differences is 
increased” (Nederhof, 1988:207). Accordingly, we have to be very careful in 
citation analysis when comparing small research groups. Chance factors and 
technical problems with citations have too pronounced an influence. 

Principle of anti-diagnostics
The type of insecurities involved in bibliometrics make it necessary to under-
score the principle of anti-diagnostics: “(…) while in medical diagnosis numer-
ical laboratory results can indicate only pathological status but not health, in 
scientometrics, numerical indicators can reliably suggest only eminence but 
never worthlessness. The level of citedness, for instance, may be affected by 
numerous factors other than inherent scientific merits, but without such merits 
no statistically significant eminence in citedness can be achieved.” (Braun & 
Schubert, 1997: 177). 

The meaning of this principle is that it is easier with citation analysis to 
identify excellence than to diagnose low quality in research. The reasons for 
absence of citations might be manifold: the research community has not yet 
observed this line of research; publications might not be addressed to the 
research community but to society etc. Clearly, results for a unit of assessment 
that are clearly above the international average (=1.0), e.g. relative citation 
levels of 2.0–3.0 or higher indicates a strong group and a lively research, but 
citation levels below 1.0 does not necessarily indicate a poorly performing 
group.

Citation indicators
The above review of the literature reveals that there are limitations to all theo-
ries and all methods for finding excellence in research. According to Martin & 
Irvine (1983:70) we have to consider three related concepts: Quality, Importance 
and Impact. Quality refers to the inherent properties of the research itself, and 
the other two concepts are more external. Importance and impact are concepts 
that refer to the relations between the research and other researchers/research 
areas. The latter also describes the strength of the links to other research 
activities. 

16
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We can discuss the quality of a research paper without considering the number 
of times it has been cited by others or how many different researchers that 
cited it. It is not an absolute, but a relative characteristic; it is socially as well 
as cognitively determined, and can, of course, be judged by many other indi-
viduals. Importance refers to the potential influence17 on surrounding research 
and should not be confused with “correct”, as an idea “must not be correct 
to be important” (Garfield et al. 1978: 182).18 Due to the inherent imperfec-
tions in the scientific communication system the actual impact is not identi-
cal with the importance of a paper. Then, it is clear that impact describes the 
actual influence on surrounding research: “while this will depend partly on 
its importance, it may also be affected by such factors as the location of the 
author, and the prestige, language, and availability, of the publishing journal”
(Martin & Irvine 1983: 70; cf. Dieks and Chang 1976). Hence, while impact 
is an imperfect measure it is clearly linked to the scientific work process; used 
in a prudent and pragmatic approach measures based on impact give impor-
tant information on the performance of research groups.

Validation of bibliographic data
One of the practical problems is that of constructing the basic bibliography 
of the units of assessments production. This is not a trivial question as papers 
from one institution might be headed under several different names (de Bruin 
& Moed, 1990). The identification of papers included in this exercise has 
been done on the individual level. Each researcher was identified using mainly 
Internet sources; e.g. searches for publications and CVs. On the basis of this 
material we did an Author Finder search in the Web of Science database. After 
presenting the first results there was a round of validation were the underlying 
data was scrutinized by program leaders and/or each program researcher.

Coverage of scientific and technical publications
Explorations made by Carpenter & Narin (1981), and by Moed (2005), have 
shown that the Thomson Reuters database is representative of scientific pub-
lishing activities for most major countries and fields: “In the total collection 
of cited references in 2002 ISI source journals items published during 1980–
2002, it was found that about 9 out of 10 cited journal references were to ISI 
source journals” (Moed 2005:134). It should be emphasized that Thomson 
mainly covers international journals, and that citations analysis is viable only 
in the context of international research communities. National journals and 
national monographs/anthologies cannot be accessed by international col-
leagues. Consequently, publications in these journals are of less interest in a 

17

not easily attributable. 
18  Again, negative citations are also important: “The high negative citation rate to some of  the polywater papers is tes-

We assume that the same apply for negative citations to cold fusion papers. 
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citation exercise of the type. As long as we are calculating relative citation 
figures based on fields and sub-fields in the ISI database the inclusion of 
national or low cited journals will only have the effect of lowering the citation 
scores, and is, therefore not an alternative.

In some studies it has been suggested that there are two distinct popula-
tions of highly cited scholars in social science subfields — one consisting of 
authors cited in the journal literature, another of authors cited in the mono-
graphic literature (Butler, 2008; Cronin et al., 1997). As the Web of Science 
has a limited coverage of monographic citing material, the latter popula-
tion will hardly be recognized in the database (Borgmann & Furner, 2002). 
Related to this question is the language-bias in the citation index. Several 
studies have evidenced that journal articles written in other languages than 
English reach a lower relative citation score than articles in English (van 
Leeuwen et al., 2000). In this specific SEPA research program evaluation 
the data consists of articles written in English only. Therefore, there is no 
language bias to consider in the analysis.

The Web of Science works well and covers most of the relevant informa-
tion in a large majority of the natural sciences and medical fields, and quite 
well in applied research fields and behavioral sciences (CWTS, 2007:13). 
However, there are exceptions from that rule. Considerable parts of the social 
sciences and large parts of the humanities are either not very well covered in 
the Web of Science or have citations patterns that do not apply for studies 
based on advanced bibliometrics (Butler, 2008; Hicks, 1999; Hicks, 2004). 

Matching of references to articles
The Thomson Reuters database consists of articles and their references. 
Citation indexing is the result of a linking between references and source 
(journals covered in the database). This linking is done with an algorithm, but 
the one used by Thomson Reuters is conservative and the consequence is non-
matching between reference and article. Several of the non-matching problems 
relate to publications written by ‘consortia’ (large groups of authors), to vari-
ations and errors in author names authors, errors in initial page numbers, dis-
crepancies due to journals with dual volume-numbering systems or combined 
volumes, to journals applying different article numbering systems or multiple 
versions due to e-publishing.19 Approximations indicate that about seven per 
cent of citations are lost due to this conservative strategy. Thomson Reuters 
seem anxious not to over-credit authors with citations. In the analysis we have 
used an alternative algorithm that addresses a larger number of the missing 
links. 

19

of  citation counts”.
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Self-citations 
Self-citations can be defined in several ways; usually with a focus on 
co-occurrence of authors or institutions in the citing and cited publications. 
In this report we follow the recommendation to eliminate citations where the 
first-author coincides between citing and cited documents (Aksnes, 2003a). 
If an author’s name can be found at other positions, as last author or middle 
author, it will not count as a self-citation. This more limited method is applied 
for one reason: if the whole list of authors is used the risk for eliminating the 
wrong citations will be large. On the down-side we will probably have a sen-
ior-bias with this method; this will probably not affect units of assessments, 
but caution is needed in analysis on the individual level (Adams, 2007: 23; 
Aksnes, 2003b; Glänzel et al., 2004; Thijs & Glänzel, 2005).

Time window for citations
An important factor that has to be accounted for is the time effects of cita-
tions. Citations accumulate over time, and citation data has to cover compara-
ble time periods (and within the same subfield or area of science, see below). 
However, in addition to that, the time patterns of citation are far from uni-
form and any valid evaluative indicator must use a fixed window or a time 
frame that is equal for all papers. The reason for this is that citations have to 
be appropriately normalized. Most of our investigations use a decreasing time-
window from the year of publication until December 31, 2008. However, 
some of our indicators are used for time-series and in these cases we apply a 
fixed two year citation window. Publications from year 2002 receive citations 
until 2004; publications from 2004 receive citations until 2006 and so on. 

Fractional counts and whole counts
In most fields of research scientific work is done in a collaborative manner. 
Collaborations make it necessary to differentiate between whole counts and 
fractional counts of papers and citations. Fractional counts give a figure of 
weight for the contribution of the group to the quantitative indicators of all 
their papers. By dividing the number of authors from the unit under consid-
eration with the number of all authors on a paper we introduce a fractional 
counting procedure. Fractional counting is a way of controlling for the effect 
of collaboration when measuring output and impact. In consequence, from 
Frac P-figures we can see to what extent the group receives many citations on 
collaborative papers only, or if all papers from the group are cited in the same 
manner.

Fields and sub-fields
In bibliometric studies the definition of fields is generally based on the clas-
sification of scientific journals into more than 250 sub-fields, developed by 
Thomson Reuters. Although this classification is not perfect, it provides a clear 
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and consistent definition of fields suitable for automated procedures. However, 
this proposition has been challenged by several scholars (e.g. Leydesdorff, 
2008; Bornmann et al. 2008). Two limitations have been pointed out: 
(1) multidisciplinary journals (e.g. Nature; Science); and (2) highly specialized 
fields of research. 

The Thomson Reuters classification of journals includes one sub-field 
category named “Multidisciplinary Sciences” for journals like PNAS, Nature 
and Science. More than 50 journals are classified as multidisciplinary since 
they publish research reports in many different fields. Fortunately, each of the 
papers published in this sub-field are subject specific, and, therefore, it is pos-
sible to assign a subject category to these on the article level – what Glänzel 
et al. (1999) calls “item by item reclassification”. We have followed that 
strategy in this report.

Normalized indicators
During the latest decades standardized bibliometric procedures have been 
developed to assess research performance.20 Relative indicators or rebased 
citation counts, as an index of research impact, is widely-used by the sciento-
metrics research community. They have been employed extensively for many 
years by Thomson Reuters in the Essential Science Indicators. Research teams 
in the United States and in Hungary popularized the central concepts of nor-
malization during the 1980s.21 More recently, field normalized citations has 
been used in, for example, the European science and technology indicators, 
by the bibliometrics research group at the University of Leiden (labeling it the 
“crown indicator”), by the Evidence group in the U.K.22, by the leading higher 
education analysts at the Norwegian institute NIFU/STEP23, by the analyst 
division at Vetenskapsrådet24 and others. Field normalized citations (see defi-
nition below) can be considered as an international standard used by analysts 
and scientists with access to the Web of Science database.

In this report we follow the normalization procedures proposed by the 
Leiden group (van Raan 2004) with two minor addendums only: First, while 
the Leiden method gives higher weight to papers from normalization groups 
with higher reference scores, we treat all papers alike. Secondly, while the 
Leiden method is based on a “block indicators” covering four or five year 
period,25 our method rests on a statistic calculation on a year to year basis. 
Publications from 2002 are given an eight year citation window (up to 2008) 
and so on. Because of these (small) differences we have chosen to name our 

20

21

22  C.f. Adams et al. (2007).
23  See, the biannual Norwegian Research Indicator Reports.
24  Vetenskapsrådet Rapport 2006.
25
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indicator NCS (Normalized Citation Score), but, it should be underlined that 
it is basically the same type of indicator. 

From Figure 1 the normalization procedure can be further explained: 
the sub-field consists of five journals, A–E. For each of these journals a 
journal based reference value is calculated using mean citation level for the 
year and document type under investigation. A UoA might have Citations Per 
Paper above, below or on par with the mean (average) level. All journals in 
the sub-field together are the basis for the field reference value. A researcher 
publishing in journal A will probably find it easier to reach the mean than a 
researcher publishing in journal E. 

Figure 1. Normalization of reference values.

Citation normalization
In this report normalization of citations is performed in reference to two dif-
ferent normalization groups: WoS sub-fields and journals. When normalizing, 
we also take publication year and publication type into account. A normaliza-
tion group might then look as follows: papers of the type “review” within the 
sub-field “Metallurgy & Metallurgical Engineering” published in 2002.

The most commonly used normalization type was developed by Schubert, 
Glänzel and Braun during the 1980s (1988). Simultaneously the Leiden group 
(Moed et al. 1988) developed a variant methodology with the well known 
“crown indicator”. These normalized indicators are typically named CPP/JCS 
or CPP/FCS depending on whether the normalization is carried out in relation 
to journals or sub-fields. The Leiden indicator is defined as follows:
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where c is the number of cites to paper i and [μf]i is the average number of 
citations received by papers in the normalization group of paper i. In our cal-
culations of “Field normalized citation score (NCSf)” and “Journal normal-
ized citation score (NCSj)” we have chosen to adjust this as follows. First, the 
field normalized citation score (NCSf):

The difference is that our calculation treats all papers equal, while the Leiden 
version gives higher weight to papers in normalization groups with higher ref-
erence values, cf. Lundberg (2006), s. III:3; cf. Visser et al, (2007).
When calculating the “Normalized journal citation score (NCSj)” (similar to 
the Leiden-measure JCS/FCS) we use the following formula:

where [μj]i is the average number of citations received by papers in the journal 
of paper i and [μf]i is the average number of citations received by papers in the 
sub-field of paper i.

Another citation indicator used in the report is the “Standard citation 
score”. This indicator is defined as follows:

where [μf[ln]]i is the average value of logarithmic number of citations (plus 0.5) 
in the normalization group and [ f[ln]]i is the standard deviation of the [μf[ln]]i

distribution (based on McAllister, PR, Narin, F, Corrigan, JG. 1983).

Levels of performance
We consider the normalized field citation score (NCSf) to be the most impor-
tant indicator, often named the crown indicator. In the simple calculation the 
number of citations per paper is compared with a sub-field reference value. 
With this indicator it is possible to classify performances (for groups of 10–30 
researchers) in five different classes:26

26  We refer to van Raan (2006a) for a further discussion of  the statistical properties of  bibliometric indicators.
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A. NCSf  0.6 significantly far below international average 
(insufficient)

B. 0.60 < NCSf  1.20 at international average (good)

C. 1.20 < NCSf  1.60 significantly above international average 
(very good)

D. 1.60 < NCSf  2.20 from an international perspective very strong 
(excellent)

E. NCSf > 2.20 global leading excellence (outstanding)

It should be noted that our methodology is different from the Leiden proce-
dures, as shown above, in several respects. We use fractions of papers in a 
weighed calculation and Leiden gives higher weight to highly cited papers. 
In Figure 2 we show the distribution over citation classes for 326 Swedish 
university units of assessments from all areas of science and technology. The 
result highlights the methodological considerations invoked by van Raan 
(2006b).

Figure 2. Distribution of Normalized Citation Score (NCSf) (1.00=global average): Number of Units
of Assessment as a function of NCSf (class width = 0.10).1

1  Data is achieved from Research Assessment at Uppsala and Lund (see Visser et al 2008), and assessment at KTH, 
SLU, Aalto and MIUN. 
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Standard Citation Score 
Citation distributions are skewed and this makes it necessary to discuss the 
use of averages in the analysis. The heterogeneity between research fields is a 
well-known fact and has been vigorously described by authors like Whitley 
(2000) and Cole (1992). Z-score, which uses the standard deviation as a 
measure, was used in bibliometric analyses from the beginning of the 1980s. 
But, the skewness of citation distributions poses problems to this, and there-
fore McAllister et al. (1983) suggested that the logarithm of citations should 
be used. We follow their method and use it as a supplementary partial indica-
tor called SCSf. This indicator works well together with the NCSf and trian-
gulates the result. If there is a certain discrepancy, but note that the SCSf mean 
is 0.00, we would recommend to consider the SCSf as the most stabile indicator. 

Top 5 percent
The above Standard Citation Score give a more complete picture taking the 
skewed nature of citations into account. Still, we might need simple figures 
that indicate the excellence of the group in just one number; the Top5% is 
an indicator of that type. As an indicator it expresses the number of publica-
tions within the top 5% of the worldwide citation distribution of the fields 
concerned for the research group. This approach provides a better statistical 
measure than those based on mean values. We suggest that this indicator is 
used together with other indicators and in this case as “a powerful tool in 
monitoring trends in the position of research institutions and groups within 
the top of their field internationally” (CWTS, 2007: 25). If the research group 
has a high proportion of articles in the Top 5% they will probably have a 
large impact on their research field.

H-index
The h-index was established in 2005 when Hirsch presented a rather simple 
method that combined number of articles and number of citations. A scien-
tist is said to have Hirsch index h if h of their, N, papers have at least h cita-
tions each and the remaining (N-h) papers have fewer than h citations (Hirsch, 
2005: 16569). The h-index measure is easy to compute and is nowadays 
included in the Web of Science and the Scopus databases as a quick and 
straightforward yardstick (Lehmann et al., 2006).

By balancing productivity and impact this measure avoids some of the 
skewness problems associated with other citations measures. For example 
the h-index is insensitive to the number of lowly cited articles, or a few highly 
cited articles. The index obviously rewards continuous contributions of high 
quality. As a result, the h-index has become a very useful and “popular” 
measure; the number of articles discussing h-index in the Web of Science has 
grown quickly and many variants of the measure have been proposed taking 
age, number of authors etc. into account. 
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There are several problems and biases connected to the h-index. The balance 
between younger and older researchers is one obvious problem. Caution 
is needed especially when the h-index is to be applied in research assess-
ments where there are several research areas covered (van Leeuwen, 2008; 
Costas & Bordons, 2007). As we have pointed out many times in this report 
there are huge differences in the number of articles produced by a typical 
author in different disciplines (cf. Campiteli et al. 2007). We have decided to 
include h-index in our results, but we are aware of the biases in this measure. 
Nonetheless, the H-index is an important indicator for comparing individuals 
within the same fields. Accordingly, in this report, which focuses on relative 
indicators, there is not much attention given to the h-index, but figures are 
reported in the per program enclosures showing “Research Lines”.

Vitality
Boyack and Börner (2003) established the term “vitality” defining vital 
research as areas with the following features: 

1. A stable/increasing number of publications in prominent journals 
with high impact factors. 

2. High export factors indicating that research is acknowledged and 
utilized in other domains. 

3. A tightly knit co-authorship network leading to efficient diffusion 
of knowledge.

4. Funding resulting in larger numbers of high impact publications.
5. New emerging research fields.

Later Boyack (2007) and Klavans & Boyack (2008) operationalized the con-
cept of vitality as field normalized reference age of articles. Even if there is a 
lack of consensus in the field of bibliometrics on how to measure reference 
age, there not too many options. Price defines the so-called Price Index as ‘‘the 
proportion of the references that are to the last five years of literature” (Price, 
1979; Egghe, 1997). Klavans and Boyack (2008) suggest the use of mean or 
average age of references with normalization to the field, and we follow their 
recommendations. The indicator then varies around 1.00, and values above 
the international mean indicate a higher vitality.

Vitality, reference age of cited literature, is an interesting factor in assess-
ments of research performance. This observation rests on the hypothesis that 
researchers at the front use the most recent references and that they “are com-
mitted to participating at the forefront of science rather than on older science” 
(ibid.). Typically, they are willing to shift their emphasis from older ideas to 
newer ideas when warranted. Researchers with an older average reference 
age are far less committed to focusing on new science. Remember that there 
are differences between fields of science27 that have to be accounted for and, 

27
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therefore, the proposed method uses normalization in relation to WoS sub-
fields. Nevertheless vitality is, as an index very simple, and, hence, the socio-
logical interpretation is rather ambiguous. 

Field Adjusted Production (Waring)
It is well known that medical researchers tend to produce more, often shorter 
papers where methodology and prior knowledge is codified in citations and 
engineering scientists produce less frequently and have fewer cross-references 
(Narin and Hamilton, 1996; Glänzel, 1996) These field differences affect both 
citation rates and mean number of papers per author, and the differences are 
to some extent explained by shifting coverage of fields in the ISI database. 

In order to compute a field adjusted factor we have to meet certain obstacles: 
publication databases give information on the authors that are active during a 
given period, not all the potential authors. As the non-contributors (non-pub-
lishing authors) are unknown it is difficult to create an average publication rate 
per author taking all potential authors into account. But, there is a proposed 
mathematical solution to this problem: bibliometric data are characteristically 
“Waring distributions” (Schubert and Glänzel, 1984). With information on the 
distribution of author publication frequencies an estimate of the average publi-
cation rate per researchers (contributors and non-contributors) in a given field, 
country or such can be computed (Telcs, Glänzel and Schubert, 1985). 

The approach is based in mathematical statistics and a theoretical discus-
sion can be found in papers by Braun, Glänzel, Schubert and Telcs during the 
second half of the 1980s. Inspired by Irwin (1963) they showed that biblio-
metric material had the properties of “Waring distributions”. A straight line 
should be obtained by plotting the truncated sample mean of these distri-
butions (Telcs, Glänzel and Schubert, 1985). By extrapolating this series to 
Origo, the numbers of non-contributors are included. The intercept of this 
line is the average productivity of all potential authors during a given period 
of time (Braun, Glänzel and Schubert, 1990). In our model this value is used 
as a reference value and is computed per field for Nordic data. Several success-
ful empirical tests using the Field Adjusted Production (FAP) model have been 
implemented (e.g. Schubert and Glänzel 1984; Schubert and Telcs, 1986; 
Buxenbaum, Pivinski and Ruberg, 1987; Schubert and Telcs, 1989; Sandström 
and Sandström, 2008b).

The Field Adjusted Production is calculated as follows:

where Pi is the number of papers in field i and ri is the (estimated) average 
number of papers per researcher in field i. The estimation of the reference 
values is performed for each field by first calculating the s-truncated sample 
mean of each field as follows:
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Where ni is the number of authors having exactly i papers. The truncated 
sample means are plotted versus s and the intercept of the fitted line, using 
weighted least squares linear regression, is used as an estimate for number 
of papers per author for the entire population The regression is weighted 
using weights proposed by Telcs et al. (1985).

When applying this model we use data with first authors (AU) and reprint 
(RP) authors that have an address at Nordic universities. Homonyms and sim-
ilar problems are taken care for by manual procedures. This was done for all 
Nordic universities (Sweden, Finland, Denmark and Norway) and the opera-
tion yielded 54 000 unique authors for the period 2003–2006.

Field delineation is an important issue. For citations the Thomson/ISI sub-
ject categories are used, but these 250 categories create too small samples when 
Nordic authors are used to create productivity data. There are several alterna-
tive ways of producing macro classes (e.g. SPRU classes or the Thomson ESI 
field categories). In this case we clustered all journals using inter-citations as 
proximity values (Boyack and Klavans, 2006). We chose to use the least fre-
quent relation in order to distinguish, as far as possible, between basic and 
applied sciences. It has been shown by Rinia, van Leeuwen, Bruins, van Vuren 
and van Raan (2002) that applied sciences tend to cite back to more basic sci-
ences, not the other way around. The clustering procedure was based on the 
DrL cluster algorithm (Boyack, 2007) and created 34 macro classes (fields).

The differentiation into fields is a bit more detailed than the ISI (Thomson 
Reuters) field definitions or the macro fields proposed by Glänzel and 
Schubert [2003]. It seems to be an interesting alternative route to classification 
of journals, but, of course, it is a part of the research procedure which is open 
to further discussion and needs validation from other investigations. Boyack 
and Klavans have similar methods in their world map (2006) and we refer the 
reader to their papers. The real test of the accuracy of the proposed 34 differ-
ent fields is whether they differentiate according to relations of production, i.e. 
the normal number of publications from an author in the field, the financing 
of research, the number of other activities (e.g. patenting and extra-research, 
societal activities). With the delineation of fields done we can compute the 
normal productivity per Nordic author and field.

The methodology described above was used to establish a reference value 
based on all Nordic universities. By using the number of articles per Swedish 
university divided by the reference value (the field factor) we obtain the rela-
tive quantity of production performed by the university in each macro field. 
We name this indicator “field adjusted production (FAP)”. Then, simply by 
multiplying the specific university production score per macro class by the 
field-normalized citation score (NCSf or the crown indicator CPP/FCSm) 
we establish a combined value incorporating production and “quality” of 
production. The resulting total sum represents the production from the uni-
versity and should be related to the total income per university. The advantage 
of using this method is that universities are made comparable although they 
have their main activities in completely different fields of science.
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Clusters and Research Lines

Definitions: Research lines are small clusters of related papers. For example, the 
research area “scientometrics” comprises several research lines, one of which is 
“visualization”. While areas usually have their own journals and scientific societies 
(Whitley, 1974), research lines typically have fewer than 50 active participants, they 
experience immigration and emigration of participants, and are rarely any researcher’s 
sole focus. Research lines sometimes span different areas and may develop into areas 
(specialties) in their own right (Hargens, 2000). Research fronts are clusters of highly 
cited papers (1%) within sub-fields. 

We have seen that there is not one perfect measure for evaluation of research 
groups. Probably, the best way to handle this is to develop complementary 
indicators or to develop other indirect measures that illuminate the perform-
ance of research groups in different ways. One of the challenges in visualization 
of bibliometric data is to find a method that suits both the highly productive 
(>500 papers) and the lowly productive (<20 papers). In the following we 
have chosen to focus on visualizations as a means to enhance the evaluative 
properties of the analysis. 

Thereby we used clustering and mapping techniques for research team 
activities over the period 2002–2007. The goal of cluster analysis is to divide 
data into a number of subsets (clusters) according to some given similarity 
measure (Chen, 2006). As already indicated it is quite problematic to delineate 
a research field with journals or journal categories; evidently, a researcher is 
often active in several of the more than 250 subject fields. The obvious answer 
as to why mapping is important is, firstly, that mapping provides us with a 
profiling of the research group or the individual researcher. Accurate maps of 
the actual articles and their related research lines give us a description of what 
is going on in that field of research; how articles are related to each other; 
which research lines that are more close to each other and how they are con-
nected. Secondly, and as important as the first, it gives a complementary 
illumination of the activities of the research group in relation to their closest 
colleagues. Mapping techniques makes it possible to compare the group – 
regarding citation performance – with its nearest neighbours; i.e. other research-
ers working on the same topics and in the same research lines. In the maps 
covering articles from each unit of assessment there is also an indication of 
highly cited articles (and clusters of highly cited documents). For the reader this 
should be quite easy to interpret and analyze.

Basically, the methods applied for bibliometric visualization are well 
established; most of the methods are well known and have been applied to 
bibliometric data since the 1970s or even earlier – they can be considered as 
standard methods in the context of bibliometric studies. Researchers from the 
U.S., especially from the Thomson Reuters, have been leading (Henry Small). 
Our methods owe much to the work of Chaomei Chen at Drexel University 
and to the work of Dick Klavans and Kevin Boyack at SciTech Strategies Inc. 
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We have developed a methodology based on bibliographical coupling in order 
to build accurate and coherent maps of areas and research lines (Boyack et al., 
2005; Chen, 2006; Klavans & Boyack, 2006a; Klavans & Boyack, 2006b). 
For a detailed description see the Appendix number 2 (Technical Addendum).

The mapping of article networks is a procedure to identify clusters of arti-
cles in correspondence to the underlying thematic groupings; hopefully as they 
are perceived by scientists themselves. The core of our method relies on biblio-
graphical coupling of documents (articles, not journals) into research lines, 
groups of documents that cite the same base documents. This is an estab-
lished method within bibliometrics and has been shown, by Jarneving (2007), 
to work well for the purpose of clustering of related papers into coherent 
groups. We consider research as an activity conducted by “small groups of 
people attacking equally small and intensely focused sets of shared problems” 
(Morris et al. 2003: 413). The highly cited papers of these research lines are 
the research fronts of that specific research area. 

The immediate nature of bibliographic coupling makes it convenient to 
use for constructing research lines over a time period (Morris et al. 2003: 
414). In our presentations each research line is described, to the left, with the 
most frequent terms (keywords), and to the right, the most frequent individual 
authors and their number of articles. We consider this method a valuable asset 
for evaluative bibliometrics as it visualizes the development of the research 
line over time – growth, decline or stability. But, we should mention that the 
time line is rather short in the reported analyses. A period of six years is in 
most cases quite limited. 

In this report we propose that research lines, with the highest number 
of articles from the group, should be considered as a representative for their 
overall research. By this we try to avoid measuring too many of the single and 
more casual lines of research. Instead, we focus our interest on the larger and 
more stabile research lines. Moreover, in addition to the general performance 
of the research line our analysis also gives the field normalized citation score 
for the specific articles from the research group under consideration. That per-
formance can be compared with the score of the research line as a whole. 

Similarity measures
Our report uses three similarity measures: co-authorship, co-citation (Small, 
1973), and bibliographic coupling (Kessler, 1963). Co-authorship refers to 
the number of co-authored papers, co-citation to the number of times that 
two papers have been cited by the same paper and bibliographic coupling to 
the number of common references. To account for differences in the number 
of papers, citations and references we normalize the measures using Salton’s 
cosine measure. The normalized measures are then defined as follows:

Co-authorship

where Fij is the number of co-authored papers by author i and j and Si is the 
number of authored papers by i.
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Co-citation  

where Fij is the number of papers citing both paper i and j and Si is the number 
citations received by paper i.

Bibliographic coupling

where Fij is the number of common references of paper i and j and Si is the 
number of references in paper i.

Clustering procedure
The clustering algorithm used in this report to cluster papers is the 
DrL(VxOrd) modified average link clustering that have been developed by 
Kevin Boyack and Richard Klavans (2006). The clustering is performed in 
two steps. First, the DrL layout algorithm, which is a force-directed layout 
algorithm, calculates x,y-coordinates for each paper, using the top ten similari-
ties for each paper as input. A threshold referring to the minimum number of 
edges (connections) a paper must have and the minimum strength the papers 
strongest edge must have is also applied before the similarities are put into the 
layout algorithm. Second, the distances from the graph as well as the original 
similarities are used as input in the modified average link clustering algorithm.

The most crucial settings of this clustering procedure are the thresholds 
and the edge cutting setting of the layout algorithm. The edge cut “cuts off” 
edges between papers based on the strength of the similarities and the distance 
in the graph (Martin et al. forthcoming). When the edge cut is set high most 
of the uncut edges remain within clusters resulting in well defined clusters. 
The thresholds and edge cut-settings used for each clustering procedure can 
be found below.

Visualization
Publication profile of UoA
The visualization in the research line document per program shows papers 
published by the unit. The edges are based on bibliographic coupling and 
node positions are calculated using the GraphViz (www.graphviz.org) applica-
tion of the popular Kamada-Kawai algorithm (see Kamada and Kawai, 1989).



BIBLIOMETRIC EVALUATION OF RESEARCH PROGRAMS

43

Appendix 2 – Data and Material
The analysis is based on three different sets of overlapping data:

1) Research leaders responsible for sub-programs, approximately ten 
sub-leaders per program, in all 67 researchers.

2) All researchers active within the program. Mid of May 2009 a letter 
was sent to sub-program leaders which asked for all researchers 
involved in the respective programs. This yielded all doctoral stu-
dents and other researchers involved in five out of the six programs. 
The sixth program was indirectly included via the names of collabo-
rators and co-authors from the edited book that was produced from 
the program. This extension gave data for a further 51 researchers. 
In all the full dataset consist of 118 researchers from seven research 
programs. 

3) In a letter from mid of May, 2009 the SEPA program officer asked 
for an updated version of the publication list in the 2007 report with 
a list of all program-related publications. Six out of seven programs 
gave a prompt reply. The seventh program publications were indirectly 
included based on information from an edited book and related 
publications. This procedure of precision took away about 800 of 
1,000 publications. 

As mentioned in the report the difference between dataset 1 and dataset 2 is 
rather small see Table x and Table xx. Actually, the number of papers miss-
ing in the sub-program leader analysis is about four per cent, but there are 
also a number of papers missing due to change of sub-program leader during 
the project process (e.g. Angelstam NVkedjan was added afterwards). It is, of 
course, necessary to have reliable data on program and sub-progam leaders in 
order to be able to perform a relevant bibliometric analysis.

Consequently, the citation impact figures are quite the same for the data 
covered in point 1 and point 2 above. From this follows that is fully possible 
to account for the output from research groups covering only the main senior 
researchers given that doctoral students are co-authoring their papers with 
their senior supervisors. If there are scarce resources for evaluations, data on 
all researchers is not necessary in order to reach a preliminary conclusion with 
bibliometric methods. But, still there are problems concerning the social sciences 
and humanities where this general rule does not apply. It is, therefore, neces-
sary to apply quite prudent procedures such as the ones utilized in this main 
report. 

As this is an ex post-evaluation we can investigate, in detail, whether 
publications in point 3 (above) differ in specific respects: Is it really neces-
sary to cover all researchers for the program-related publications or is it suf-
ficient with data regarding sub-program leaders? The answer to that question 
can be very precise: Out of 163 publications 83.5% are covered when sub-
program leaders are used for finding publications. In order to have a correct 
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bibliometric analysis it is, of course, necessary to have 100% full coverage. 
Furthermore, it seems worthwhile to cover the program activities from PhD-
students and post-docs rather than to cover all activities from program leaders 
as the latter might include very different research lines from what was funded 
by the SEPA.

Thirdly, some of the results related to point 1 and point 2, e.g. see Table 6 
and Figure 3 indicate that the SEPA initiative has impacted on environmental 
research quite significantly: Table 6 shows that the numbers of fractional-
ized papers from the respective programs have increased substantially and 
the citation impact has increased in a similar way. Figure 3 focuses on number 
of papers, full papers and fractionalized papers. Whether we measure that 
as relative journal citations, relative journal impact, or field normalized cita-
tions we find a positive effect over time. In Table 7 we can observe some of 
the indicators per year. All data shows that there was a dip in 2000; probably 
due to increased efforts for publications during the time when applications 
were written for the SEPA programs. This sudden increase in publications (see 
also Figure 3) had a negative effect on all citation indicators, probably due to 
extensive publications with zero citations. In several other respects there are 
no apparent differences between directly program-related papers and other 
papers from team researchers.

Table 6. Program and Sub-program leaders, indicators 1998-2006

1998 1999 2000 2001 2002 2003 2004 2005 2006

Full P 96 122 156 126 118 125 145 167 185

Frac P 30.7 30.5 55.6 39.0 32.4 35.5 43.3 41.4 48.8

Frac C2Y 3.43 4.23 2.18 3.63 4.52 5.13 4.54 6.49 5.95

NCSj 1.18 1.40 0.72 1.07 1.22 1.61 1.32 1.18 1.30

NJCS 1.02 1.15 0.81 1.14 1.20 1.26 1.13 1.28 1.30

NCSf 1.30 1.61 0.81 1.23 1.41 1.95 1.37 1.61 1.70

NCSf2Y 1.28 1.58 0.76 1.16 1.45 1.99 1.51 1.62 1.70

SCSf 0.37 0.42 –0.47 0.33 0.48 0.68 0.37 0.51 0.60

TOP5 0.05 0.10 0.04 0.04 0.06 0.15 0.08 0.16 0.10

PnC 0.05 0.07 0.38 0.04 0.03 0.01 0.04 0.05 0.10

VITALITY 0.99 1.05 0.91 1.03 0.94 1.01 0.98 1.06 1.07

AUM 4.59 5.66 5.27 5.09 5.52 5.69 5.50 6.35 6.33

INTCOLLM 1.59 1.66 1.75 1.79 1.75 2.00 1.98 2.05 2.09
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Table 7. Indicators 2000-2007 for all program contributors incl. PhD-students

Full Count P 2000 2001 2002 2003 2004 2005 2006 2007 Total

AGREE 2 4 5 8 10 4 13 12 58

Aqualiens 10 13 15 9 16 19 19 19 120

COPE 7 7 5 8 8 13 6 1 55

MARBIPP 24 24 14 22 26 29 26 20 185

Naturvardskedjan 13 11 18 18 20 25 24 19 148

ReproSafe 73 40 34 37 37 49 57 41 368

SNAP 40 46 48 45 54 65 68 67 433

Total 169 145 139 147 171 204 213 179 1367

Frac P 2000 2001 2002 2003 2004 2005 2006 2007 Total

AGREE 2.0 2.5 3.5 4.5 6.6 3.0 7.9 10.0 40.0

Aqualiens 4.2 6.7 5.1 4.3 6.7 7.3 7.2 11.3 52.9

COPE 5.5 5.8 2.4 4.0 6.5 7.5 4.0 1.0 36.7

MARBIPP 6.9 12.4 5.8 7.8 9.8 9.3 8.1 9.6 69.6

Naturvardskedjan 5.6 3.4 6.3 6.2 7.7 8.9 10.2 8.7 56.9

ReproSafe 31.2 11.1 7.2 8.7 8.3 12.0 13.0 11.0 102.5

SNAP 8.1 10.1 8.9 8.5 11.4 13.7 13.3 12.7 86.6

Total 63.5 52.0 39.2 44.0 57.0 61.7 63.7 64.3 445.2

NJCS 2000 2001 2002 2003 2004 2005 2006 2007 Total

AGREE 1.43 1.12 1.14 1.89 0.7 0.97 0.99 1.03 1.16

Aqualiens 1.18 0.88 0.97 1.13 0.96 1.17 1.14 1.2 1.08

COPE 0.92 0.83 0.85 0.85 1.18 0.90 0.86 0.84 0.90

MARBIPP 1.12 1.2 1 1.07 1.26 1.56 1.53 1.35 1.26

Naturvardskedjan 1.29 1.25 1.54 1.32 1.12 1.17 1.41 1.2 1.29

ReproSafe 0.8 1.23 1.1 1.19 1.51 1 1.2 1.5 1.19

SNAP 1.15 1.22 1.18 1.13 1.2 1.38 1.31 1.43 1.25

Total 1.11 1.16 1.15 1.28 1.18 1.18 1.25 1.31 1.20

NCSf (crown) 2000 2001 2002 2003 2004 2005 2006 2007 Total

AGREE 0.77 0.84 0.40 3.24 1.8 0.63 1.63 0.52 1.23

Aqualiens 1.36 0.77 1.01 1.28 0.87 1.52 1.03 1.63 1.18

COPE 0.59 0.85 1.17 0.70 0.84 1.94 1.30 1.29 1.08

MARBIPP 1.12 0.77 1.36 1.7 1.02 1.89 1.61 1.04 1.31

Naturvardskedjan 1.19 1.98 1.32 1.92 1.15 1.64 1.89 2.23 1.66

ReproSafe 0.48 1.80 1.30 1.53 1.32 1.03 1.55 1.24 1.28

SNAP 1.47 1.47 2.05 1.4 1.7 1.9 2.04 1.79 1.73

Total 0.98 1.35 1.25 1.80 1.31 1.38 1.62 1.38 1.38
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Figure 3. Number of publications, full papers and fractionalized 1998-2006.
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is signifi cantly above international reference levels. This 
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